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(57) [Abstract] 

[Problems to be Solved by the Invention] 

Propagation loss is low, formation being possible on substrate 
of the option, it is preparation method of optical waveguide s 
whose production is easy. 

[Means to Solve the Problems] 

optical waveguide 1 1, consisting of transparent material 
vis-a-vis wave length of the propagated light, consists of same 
material and as portion of portion cylinder whichhas shape 
which extends long and portion of portion cylinder portion 
spherical surface body which is connected to smooth in this or 
possesses terminal part 12 of curved surface article shape 
which is close to that. 

propagated light wave conduction does with repetition of total 
reflection with boundary interface which draws shape of 
portion cylinder portion and terminal part. 
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[Claim(s)] 
[Claim 1] 

Consisting of transparent material vis-a-vis wave length of 
propagated light, the portion spherical surface body which 
consists of same material and as portion of the portion 
cylinder which has shape which extends long and portion of 
the said portion cylinder is connected to smooth in this or 
terminal part of curved surface article shape which is close to 
that possessing, optical waveguide 0 which wave conduction 
it does with repetition of total reflection with boundary 
interface where propagated light draws shape of said portion 
cylinder portion and terminal part makes feature 

[Claim 2] 

optical waveguide o which is stated in Claim 1 where it 
possesses bent part,portion spherical surface body where 
shape of said bent part is connected to smooth in 2 portion 
cylinder or forms curved surface article which is close to that 
and makesfeature 

[Claim 3] 

optical waveguide o which is stated in Claim 1 where it 
possesses intersecting part,portion spherical surface body 
where shape of said intersecting part is connected to smooth 
in portion cylinder of plural or forms curved surface article 

...u: ~u : — i *~ 1 i — c 4., 
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[Claim 4] 

cladding which consists of material of low index of refraction 
sticking to theaforementioned boundary interface of partially 
said core at least from said core with the portion which is 
connected with same material to that theaforementioned 
portion cylinder portion and as core, optical waveguide 0 
which is stated in Claim 1 , 2 or 3 which is provided and 
makes feature 

[Claim 5] 

As for aforementioned cladding, aforementioned portion 
cylinder portion partially sticking to planar boundary interface 
of core which consists of portion whichis connected with 
same material to that at least, optical waveguide 0 which 
isstated in Claim 4 which includes substrate part which is 
provided and makes feature 

[Claim 6] 

Through aforementioned terminal part in general vertically, 
vis-a-vis theaforementioned substrate part optical 
waveguide Q which is stated in Claim 5 where itconnects light 
which incidence is done to core and in orderto propagate, is 
formed and makes feature 

[Claim 7] 

optical waveguide 0 which is stated in Claim 5 or 6 which 
through theaforementioned terminal part in general vertically, 
vis-a-vis theaforementioned substrate part in order radiation 
to do, is formed lightwhich propagates aforementioned core 
and makes feature 

[Claim 8] 

optical waveguide o which is stated in either of Claim 1 to 7 
where material whichforms aforementioned optical 
waveguide consists of resin or glass and makesfeature 

[Claim 9] 

optical waveguide o which is stated in either of Claims I 
through 8 where theaforementioned optical waveguide, is 
provided on resin sheet, glass sheet, quartz sheet, or Si, 
GaAs. InP or other semiconductor substrate and makes 
feature 

[Claim 10] 

optical waveguide Q which is stated in Claim 9 where 
substrate where theaforementioned optical waveguide is 
formed has flexibility and makesfeature 

[Claim 11] 

Optical yne tach comb «fcA/ equipment where with 
optical yne tach comb &Aj equipment which includes 
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optical waveguide which is stated in either of Claims 1 
through 10, optical input-output part of optical waveguide at 
least like theaforementioned terminal part, is formed to 
substrate upper part or bottom where the luminescent element 
or photodetector is arranged and makes feature 

[Claim 12] 

It is a surface light emission laser where aforementioned 
luminescent element is formed with semiconductor 
crystal, provides reflecting mirror for both sides of active layer 
and optical yne tach ^ comb <J:A/ equipment which is 
stated in Claim 1 1 which is madefeature 

[Claim 13] 

It is a light emitting diode where aforementioned luminescent 
element is formed with semiconductor crystal,consists of pn 
junction or pin junction and optical yne tach comb &Aj 
equipmento which is stated in Claim 1 1 which is made 
feature 

[Claim 14] 

Aforementioned photodetector is formed with semiconductor 
crystal, it is a pinphotodiode and Claim 1 K 12 which is made 
feature or optical yne tach ^ comb £ Aj equipmento which 
is stated in 13 

[Claim 15] 

Aforementioned photodetector is formed with semiconductor 
crystal, it is a MS M (metal-Semiconductor-metal )type 
photodetector and Claim 1 K 12 which is made feature or 
optical yne tach comb kAj equipmento which is stated 
in 13 

[Claim 16] 

Optical yne tach comb <J;A/ equipmento which is stated 
in either of the Claim 1 1 to 15 where as for aforementioned 
luminescent element, electronic circuit for drive andcontrol of 
luminescent element is unified on semiconductor substrate 
which integration is doneand makes feature 

[Claim 17] 

Optical yne tach comb <fcA/ equipmento which is stated 
in either of the Claim 1 1 to 16 where as for aforementioned 
photodetector, amplifying of photodetector and electronic 
circuit for control are unified on semiconductor substrate 
which integration isdone and make feature 

[Claim 18] 

Optical yne tach ^ comb &Aj equipmento which is stated 
in either of the Claim 1 1 to 17 where aforementioned optical 
waveguide, optical circuitry does semiconductor circuit chip 
mutually and makes feature 
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[Claim 19] 

In order aforementioned optical waveguide, plural of 
semiconductor circuit chip to connectbetween chip module 
which is mounted with optical circuitry, optical yne tach 
comb cfcA/ equipmento which is stated in either of Claim 1 1 
to 17 which isformed and makes feature 

[Claim 20] 

Aforementioned optical waveguide existing together, 
semiconductor circuit chip and chip module optical yne tach 
^ comb £ Aj equipmento which is stated in either of the 
Claim 1 1 to 17 which does optical circuitry inside board 
which is mounted and makes feature 

[Claim 21] 

In order aforementioned optical waveguide, to connect 
between board where semiconductor circuit chip or chip 
module is mounted, optical yne tach ^ comb £ Aj 
equipmento which is stated in either of Claim 1 1 to 17 which 
is formed and makes feature 

[Claim 22] 

optical waveguide of optical yne tach ^ comb &Aj 
equipment which is stated ineither of optical waveguide or 
Claim 1 1 to 21 which is stated in either of the Claims 1 
through 10, using mold, it is produced with embossing 
preparation methodo of the optical waveguide which is made 
feature 

[Claim 23] 

With preparation method of optical waveguide of optical yne 
tach comb &Aj equipment which is stated in either of 
optical waveguide or Claim 11 to 2 1 which is stated ineither 
of Claims 1 through 10, substrate for plating which at least 
possesses partially electroconductivity portion using, With 
substrate for step 0 (3) aforementioned plating which forms 
the opening part of slit which has suitable pattern in step 0 (2) 
aforementioned mask layer which forms insulating property 
mask layer on electroconductivity portion of (1) 
aforementioned substrate as cathode in electroplating 
depending, preparation method 0 of optical waveguide which 
possesses step which optical waveguide chargetype is taken 
step 0 (5) aforementioned mold which forms mold in 
substrate which formed step 0 (4) aforementioned plated 
layer whichforms plated layer on opening part and mask layer 
via opening part making use of step 0 (6) aforementioned 
mold which peels off from theaforementioned substrate and 
makes feature 

[Claim 24] 

plated layer opening part in center grows in isotropic in 
theaforementioned Process (3), with electroplating 
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preparation methodo of optical waveguide whichis stated in 
Claim23 which is made feature 

[Claim 25] 

In aforementioned Process (3), controlling plating time* 
plating temperature, it controls the size of portion cylinder of 
plated layer preparation methodo of optical waveguide which 
is statedin Claim 23 or 24 which is made feature 

[Claim 26] 

In aforementioned Process (3), after forming plated layer, step 
which forms sacrifice layer is included and Claim 23 * 24 
which ismade feature or preparation methodo of optical 
waveguide which is stated in 25 

[Claim 27] 

In aforementioned Process (4), mold is formed with plating 
the preparation methodo of optical waveguide which is 
stated in either of Claim 23 to 26 which is made feature 

[Claim 28] 

In aforementioned Process (5), preparation methodo of 
optical waveguide which is statedin Claim 26 or 27 which 
does mold due to fact that step whichpeels off from substrate 
for plating removes aforementioned sacrifice layer and makes 
feature 

[Claim 29] 

In aforementioned Process (5), mold preparation methodo of 
optical waveguide whichis stated in Claim 26 or 27 where 
step which peels off from substrate for plating, is done by 
sequential etching removing and substrate, plated layer 
makes feature 

[Claim 30] 

preparation methodo of optical waveguide which is stated in 
either of Claim 23 to 29 whichuses Siwafer as substrate for 
aforementioned plating and makes feature 

[Claim 31] 

preparation methodo of optical waveguide which is stated in 
either of Claim 23 to 30 whereaforementioned mask layer 
consists of photoresist and makesfeature 

[Claim 32] 

It is formed with pattern which aforementioned slit opening 
part adjusts to design of optical waveguide preparation 
methodo of optical waveguide which is stated ineither of 
Claim 23 to 3 1 which is made feature 

[Claim 33] 

preparation methodo of optical waveguide which is stated in 
either of Claim 22 to 32 where material which forms 
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Specification 

[«W©B«fcKB] 
[000 l] 

[*w©«-r*ttfB#»] 

3B**iF-ai;ft3tt** t©*a<b 

*ffl^fc*-f>^a*^«>3>««lzH-r*ti© 

[0002] 

[ft*<7>&«] 

*©#SI/#*©«ft*, 
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a«aa©»5i=«i£^(CfflA«»!ff**iT^ 

•So 

[0003] 

jtsijKK^LTjtaimsffafc©©*** 1 ? 

©HJ*A<iiA/T?l**. 



t«aXhT?SS©SS&*3t*T-tLri£<ffi 



2001-2-16 

aforementioned optical waveguide consists of resin or glass 
and makes feature 

[Claim 34] 

preparation method 0 of optical waveguide which is stated in 
either of Claim 22 to 33 where itcan provide aforementioned 
optical waveguide, on resin sheets glass sheets quartz 
sheet* orSu GaAs* InP or other semiconductor substrate 
and makes feature 

[Claim 35] 

preparation methodo of optical waveguide which is stated in 
either of Claim 22 to 34 where substrate where 
aforementioned optical waveguide is formed has flexibility 
and makes feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention is something regarding preparation method* of 
optical waveguide * which issuited for integration of 
luminescent element and photodetector and optical yne tach 
^ comb &Aj equipment which uses this. 

[0002] 

[Prior Art] 

optical waveguide can be formed from material where 
transmission of several 10 ;mu m is high from linewidth 
several ;mu m, propagation of lightfurthermore, function of 
confluence per minute lt$ of light and can actualize the 
wavelength filter or combination wave per minute wave and 
various functions which modulation it does, light intensity 
and phase with said. 

Because of this, broad application is expected to field of the 
information transmission and optical memory or other 
computing which use optical communication system and 
optical yne tach comb &Aj or other light. 

[0003] 

Through optical waveguide, recently, light emitting it does in 
substrate perpendicular direction as the luminescent element 
in order to transmit optically, at low f?3 value, 
furthermoredevelopment of easy surface light emission laser 
of array conversion is advanced. 

In addition, it is not a laser. Also LED (light emitting diode ) 
is used widely with low cost as easy luminescent element 
ofmount. 

luminescent element of such surface radiation type, because 
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**»»©a*wttii6tLr. emu* 
*Msi^ci:, ss3fe**^a*** totems 

XU^hP jU5*^-b>X(EL)-V> LED H£ 
[0005] 

tt*. ft«Mft**a»&t;-t©ff »*5£i:L 
Tli,Si0 2 -^ LiNb0 3 fti:(DSffi*[ciitRTX 
^iiLT#g^>fti:(7)ffiifclcJ:yjaST^ 

»tt€*Blc»J*LTl*fc. 

*fc. Si ^x/\±|c Si0 2 Bt*»jjELr*a»* 

«ar*ii.PMMA ^7K'j-r5Kftf<7>»ffis^. 

[0006] 



<tft^>(DA<ii^T*fe^fco 



photodiode or other photodetector of the shape which incident 
light is done originally in surface and shape has been similar, 
in regard to constitution, combination compatible isgood, 
module between board and board and inside board,or, 
application to optical yne tach ^ comb <fcA> (optical 
circuitry or optical connection and synonymy) which connects 
LSIchip etc is observed. 

[0004] 

In this kind of reason, being freely formation possible even to 
the Siwafer* SOI (Semiconductor on In sulator ) wafer* or 
GaAs and compound semiconductor wafer etc such as InP 
notjust glass substrate* quartz substrate* resin substrate etc, 
demand for optical waveguide where mass productivity is 
high hasincreased. 

Of course, propagation loss is low as basic performance of 
optical waveguide,connection with luminescent element and 
photodetector being easy, insertion loss is low,it is sought . 

In addition, electroluminescence (EL ) and regarding 
spontaneous light emission display equipment and reading 
device whichutilize LED etc, application of optical waveguide 
is proposed. 

Furthermore, regarding new optical computing field in future, 
such as super parallel process/ operation which is expected, 
optical waveguide is something which isrequired with light at 
time of transferring information and the signal. 

[0005] 

[Problems to be Solved by the Invention] 

Until recently, as representative optical waveguide and its 
preparation method, index of refraction change was given in 
the Si0 2 and Li Nb0 3 or other group board with metal ion or 
other scattering through selective mask,convex shape form 
was formed in surface or with etching . 

In addition, forming Si0 2 film on Siwafer, also method 
whichproduces waveguide is known. 

Recently, coating fabric doing PMMA and polyimide or other 
resin, it makes optical waveguide shape directly or through 
photoresist or other patterning, and also method which 
ispacked is done. 

[0006] 

This way, with conventional method, on substrate with 
photolithography optical waveguide isformed was general. 



As a result, as for optical waveguide cross section, it was 
usual to become rectangular or the trapezoid. 
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[0008] 
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[0009] 



In addition, when optical waveguide is produced with etching, 
optical waveguide side surface becoming rough little, it had 
become factor of propagation loss. 

Furthermore, optical waveguide luminescent element or 
photodetector and in order optical coupling to do, luminescent 
element or photodetector in origin of precision alignment, it 
mountedvis-a-vis optical waveguide endface. 

Really in order on, bonding efficiency to improve, also it is 
general to use lens of l or 2 between. 

In addition, when light emitting/photodetector is a position 
above vis-a-vis optical waveguide,45 -degree acquiring 
inclination to optical waveguide endface, it made 
mirror,formed grating coupler, assured optical coupling. 

But, as for these technique, which, preparation step being 
troublesome, at thesame time, to obtain sufficient bonding 
efficiency in stability, it has not reached. 

[0007] 

In addition, there are some which are disclosed in Japan 
Unexamined Patent Publication Hei 06-45584 disclosure 
asexample of optical yne tach ^ comb &Aj which used 
optical waveguide. 

This does optical circuitry inside integrated circuit making use 
of optical waveguide, but asfor optical waveguide with 
rectangle , as for optical waveguide end which does optical 
coupling of light emitting/photodetector in perpendicular 
direction it has become inclined plane of inclination. 

Because of that, it was necessary to form lens in order light 
collection to do wave conduction light separately. 

In addition, as for preparation method of optical waveguide 
until recently with the method for sake of, there was 
restriction in substrate which forms optical waveguide. 

[0008] 

You consider this invention, to problem which 
above-mentioned Prior Art has and being something which is 
formed, it is as for objective, (l)propagation loss to be low, 
with optical waveguide where optical coupling efficiency of 
(2) luminescent element* photodetector is high, formation 
being possible on substrate of (3) option,(4) production being 
easy, and contro lability to be high, to offer preparation 
method of (5) cost reduction possible optical waveguide* . 

Furthermore, with combination with this optical waveguide 
and luminescent element* photodetector, beingsimple, it is to 
offer optical yne tach comb &A/ equipment of the high 
speed broadband. 

[0009] 
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portion spherical surface body where in order to achieve 
{means and action in order to solve problem } 
above-mentioned objective,optical waveguide of this 
invention, consisting of transparent material vis-a-vis 
wavelength of propagated light, consists of same material and 
as portion of portion cylinder (cylinder shape which in center 
axis is cut with parallel surface is calledwith this specification 
like this) which has shape which extends long and portion of 
said portion cylinder is connected to smooth in this (shape 
which cuts sphere with suitable surface is called with this 
specification like this) or terminal part of the curved surface 
article shape which is close to that possessing, wave 
conduction it does with repetition of total reflection with 
boundary interface where propagated light draws shape of 
said portion cylinder portion and terminal part, it 
makesfeature. 

With this basic constitution, as shown in Figure 1, as for 
optical waveguide 1 1 of this invention,in propagation 
direction of light we do portion cylinder of half cylinder in 
typical , theoptical input-output part (In typical optical 
waveguide terminal part ) 1 2 portion spherical surface form or 
has formed shape which is closeto that. 

cyindrical tube surface because of smooth, has feature whose 
propagation lossis low in comparison with rectangular optical 
waveguide where side surface becomes roughrelatively. 

At same time, in order to form shape optical waveguide 
terminal like spherical surface form, as shown in for example 
Figure 2 and Figure 3, said shape of optical input-output part 
22 of the optical waveguide 2 1 it works as concave mirror, 
vertically to substrate part 26 input/output itreaches point 
where it can do optical coupling of luminescent element 23 
and photodetector 24 which are shot easily. 

Furthermore substrate part layer (cladding ) 1 3 and 2 6 
optical waveguide (core ) consists of the material which 
possesses index of refraction which is smaller than 1 1 and 2 1 
in Figure 1 „ Figure 2 S Figure 3. 

[0010] 

On basis of above-mentioned basic constitution, like below 
preferred shape ispossible. 

optical waveguide has bent part, portion spherical surface 
body where shape of said bent part is connected to smooth in 
2 portion cylinder or forming curved surface article which 
isclose to that, reaches, possesses intersecting part, portion 
spherical surface body where the shape of said intersecting 
part is connected to smooth in portion cylinder of plural or 
forming curved surface article which is close to that, reaches. 

[0011] 

In addition, cladding which consists of material of low index 
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of refraction sticking to aforementioned boundary interface of 
partially said core at least from the said core with portion 
which is connected with same material to thataforementioned 
portion cylinder portion and as core, it is provided. 

[0012] 

In addition, as for aforementioned cladding, aforementioned 
portion cylinder portion partially sticking to planar boundary 
interface of core which consists of the portion which is 
connected with same material to that at least, itincludes 
substrate part which is provided (Figure 1 through Figure 3 
reference). 

[0013] 

In addition, through aforementioned terminal part in general 
vertically,vis-a-vis aforementioned substrate part it connects 
light whichincidence is done to core and in order to 
propagate, beingformed, it reaches, through aforementioned 
terminal part in general vertically, vis-a-vis aforementioned 
substrate part in order radiation todo, it is formed light which 
propagates aforementioned core. 

[0014] 

material which forms optical waveguide can consist of resin 
or glass, in addition,optical waveguide can be provided on 
resin sheet, glass sheet, quartz sheet, or Si. GaAs. InP 
or other semiconductor substrate. 

In this case, in order for substrate where optical waveguide is 
formed to beeasy to handle, it can possess flexibility. 

[0015] 

In order to achieve above-mentioned objective, as for optical 
yne tach comb &Aj equipment of this invention, with 
optical yne tach ^ comb &Aj equipment which includes 
above-mentioned optical waveguide, optical input-output part 
of optical waveguide at least like aforementioned terminal 
part, is formed to the substrate upper part or bottom where 
luminescent element or photodetector is arranged, it makes 
feature. 

[0016] 

At time of this constituting, it is a light emitting diode where 
luminescent element isformed with semiconductor crystal, 
with surface light emission laser which provides reflecting 
mirror for the both sides of active layer, consists 
semiconductor crystal, consists of pn junction or the pin 
junction 

[0017] 

photodetector is formed with semiconductor crystal, with 
pinphotodiode , consists the semiconductor crystal, it is a MS 
M (metal-Semiconductor-metal ) type photodetector , 
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[0018] 

In addition, luminescent element reaches, electronic circuit 
for drive and control of the luminescent element being unified 
on semiconductor substrate which integration is done, 
photodetector reaches, amplifying of photodetector and 
electronic circuit for control beingunified on semiconductor 
substrate which integration is done. 

[0019] 

In this optical yne tach ^ comb &Aj equipment, optical 
waveguide, optical circuitry it does semiconductor circuit chip 
to connect between chip module which mutually, in order the 
plural of semiconductor circuit chip is mounted with optical 
circuitry, being formed, to reach,semiconductor circuit chip 
and chip module existing together and doing optical circuitry 
inside board which is mounted, reaching, In order to connect 
between board where semiconductor circuit chip or chip 
module ismounted, being formed, it reaches. 

[0020] 

In order to achieve above-mentioned objective, preparation 
method of optical waveguide of this invention, 
above-mentioned optical waveguide, using mold, is produced 
makes feature with embossing. 

In addition, with substrate for step Q (3) aforementioned 
plating which forms opening part of slit which has suitable 
pattern in step c (2)aforementioned mask layer which forms 
insulating property mask layer on electroconductivity portion 
of (l)aforementioned substrate making use of substrate for 
plating which atleast possesses partially electroconductivity 
portion, as cathode in electroplating depending, It possesses 
step which optical waveguide charge type is taken, stepo 
(5)aforementioned mold which forms mold in substrate which 
formed step Q (4) aforementioned plated layer which forms 
plated layer on opening part and mask layer via opening part 
making use of step 0 (6) aforementioned mold which peels 
off from aforementioned substrate it makesfeature. 

[0021] 

preparation method of optical waveguide which possesses 
above-mentioned step fromlike below can take exemplary 
shape. 

[0022] 

plated layer in order in center to grow in isotropic, being 
adjusted opening part in aforementioned Process (3), by 
electroplating , controlling plating time, plating temperature 
it can control size of portion cylinder of plated layer. 
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[0023] 

In addition, after forming plated layer in aforementioned 
Process (3),it can include step which forms sacrifice layer. 

In this case, mold is done due to fact that step whichpeels off 
from substrate for plating removes sacrifice layer. 

[0024] 

It can form mold with plating in addition, in 
theaforementioned Process (4). 

Peeling off from substrate for plating substrate* plated layer 
sequential etching isremoved with can be done mold. 

[0025] 

It can use Siwafer etc as substrate for aforementioned plating, 
inaddition, aforementioned mask layer can consist of 
photoresist. 

[0026] 

Aforementioned slit opening part can be formed with pattern 
which isadjusted to design of optical waveguide. 

[0027] 

This way, optical waveguide of this invention is produced 
group board whichpossesses portion cylinder recess which is 
produced making use of preparation method of the portion 
cylinder structure which is explained at below as mold for 
optical waveguide by using. 

This is explained, in detail. 

[0028] 

optical waveguide of this invention is produced, utilizing 
portion cylinder condition plated layer 42 which grew from 
opening part 4 1 of slit kind of (for example quite thin 
rectangular shape ) which is shownin Figure 4 (a ) type (mold 
master ) as. 

for example following way it does technique. 

In slit opening part 41 which was formed in insulating 
property mask layer 44 which is provided on group board 43 
where it possesses electroconductivity which becomes plating 
electrode, the portion cylinder 42 which consists of plated 
layer with electroplating is formed, mold material charge is 
formed on mold (master ) mold (master ) as group board 
whichpossesses portion cylinder 42, mold is produced first 
mold by peelingoff from aforementioned mold (master ). 

When plating is done on slit opening part 41, plating 
precipitates first into opening part 41, when furthermore 
plating is done, plated layer startsgrowing on opening part 41 
and mask layer 44. 
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When slit width is small to fully in comparison with anode of 
electroplating which opposes inside plating tank, plated layer 
42 grows in the isotropic. 

Because of that, as shown in Figure 4 (b ), with in-plane 
whichcrosses in slit 41 in semicircle, parallel to direction 
whichparallels to slit 41, plated layer 42 is formed on opening 
part 4 1 and the mask layer 44. 

As a result, plated layer 42 which grew means to form portion 
cylinder. 

plating in order to grow in isotropic, with slit terminal portion 
spherical surface form ormeans to display shape which is 
close to that. 

[0029] 

In this case, width of opening part is designated as the;ph, 
when the R doing radius of curvature of opening part directly 
overhead part of plated layer, the;ph <== relationship which 
becomes 0.35 R is filled up when, compared to, it can form 
portion cylinder accurately. 

Satisfies above-mentioned relationship fact that it 
hasimportant meaning, when especially, width of 
aforementioned opening part exceeds 10;mu m, is because 
desired radius of curvature can be given. 

In addition, width of aforementioned opening part being, 
10;mu m or less even when, compared to it can form portion 
cylinder accurately. 

This can be utilized, when desiring a thinner optical 
waveguide core. 

[0030] 

If above-mentioned technique by comparison with method 
which forms master with etching , stops anode and current 
which flowsbetween cathode with time point which desired 
shape acquires, becauseprecipitation of plating can be 
stopped, be able to evade theunexpected kind of shape 
deviation which etching is done at time to water 
wash,controlability of production is good. 

In addition, because diameter of portion cylinder 42 can be 
controlled with thecontrol of precipitation time, optical 
waveguide which possesses width of option can be produced. 

mold for optical waveguide after forming mold in substrate 
(master ) whichformed plated layer, is acquired mold by fact 
that it peels off. 

[0031] 

This way, as for preparation method of this invention, in 
typical , being somethingwhich forms mold for optical 
waveguide making use of shape of the plated layer of 
above-mentioned portion cylinder condition, making use of 
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this mold the shape of optical waveguide which it formed 
with molding shape of the plated layer 42 becomes equal. 

As material of optical waveguide, it can use material whose 
exfoliation of mold for optical waveguide is easy. 

[0032] 

mold for above-mentioned optical waveguide does not need 
because it canform directly from mold (master ) which was 
formed with electroplating , beable to produce expensive 
facility with low cost, in addition it becomeseasily to large 
format also possible to convert. 

Furthermore, it controls size of plated layer, with plating 
time> plating temperature withplace observation it to be 
possible, optical waveguide width can Decontrolled easily and 
high precision. 

[0033] 

In addition, adjusting to arrangement of optical waveguide in 
mask layer,from it is possible also by forming slit opening 
part of plural, making useof similar method to form mold for 
complex optical waveguide. 

As method of exfoliation, if mold and substrate should 
havebeen exfoliated in mechanical. 

But, when mold converts to large format, when exfoliating 
becausethere are times when it becomes deformed, substrate^ 
mask layer ^ plated layer etching isremoved also it is possible 
from sequential back surface to take method which. 

[0034] 

After providing sacrifice layer on substrate and plated layer, 
when mold is formed, mold and substrate it peels off by 
removing sacrifice layer it is possible . 

In this case, in order for mold (master ) not to corrode by 
etchant which sacrifice layer etching is done material of 
sacrifice layer ischosen. 

When either plated layer or substrate do not corrode by 
etchant which sacrifice layer etching is done, multiple times 
uses mold for mold (master ) as substrate which formed plated 
layer, being possible, whenit cannot use mold scar, with such 
as it becomes dirty withuse of multiple times and and 
becomes, mold can be produced easily with similar method . 

[0035] 

As material of mold for optical waveguide, be able to form, if 
it issomething which at same time can be exfoliated, you can 
use the resin^ metak insulator or other each material on 
substrate which formed plated layer. 

As formation method of simple mold, coating fabric it does 
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solution which it melts or melts, or of resin and metal* glass, 
on substrate where plated layer was formed after hardening, it 
peels off with the method of exfoliation which description 
above is done andforms. 

In this case, substrate and plated layer heat damage and select 
material which alloying is not done as mold material charge. 

[0036] 

As other method, sequential electroplating doing mold on 
plated layer and the mask layer with substrate as cathode, it 
forms. 

If sacrifice layer is used, electrode layer for mold is formed 
with respectto sacrifice layer, electroplating is done with 
electrode layer for said mold as the cathode. 

Making use of mold for optical waveguide which is produced 
with theabove-mentioned method , optical waveguide can be 
produced with molding . 

[0037] 

Because of this, and becomes easily, optical waveguide of 
pattern of the option is produced possible with low cost. 



[0038] 

Furthermore, because it is a preparation method with 
molding , substrate of the option or optical waveguide 
formation to on sheet can do optical waveguide fabrication 
method of this invention. 

Even to on semiconductor wafer because it can form optical 
waveguide, it is suited forvarious optical element and 
unification of electronic element, light it can apply generally 
known optical yne tach ^ comb &Aj equipment which is 
used in signal and data transfer to wide range. 

[0039] 

[Embodiment of the Invention] 

Below, while referring to figure, you explain form 
ofexecution of exemplary this invention. 

[0040] 

preparation method of optical waveguide of first Working 
Example of [first Working Example ] this invention, making 
use of the Figure 7 from Figure 5, you explain in detail below. 

[0041] 

First, constitution of substrate which is used with Figure 5 (a ) 
isexplained. 

electrode layer 52 is formed in plating forming substrate 51, 
furthermore mask layer 53 is formed. 
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As plating forming substrate material, metal* semiconductor 
(silicon wafer etc), also it is possible to use no material of the 
insulator (glass* quartz* polymer film etc). 

It is not necessary to use metallic material as plating forming 
substrate 51, to form electrode layer 52. 

In addition, when semiconductor is used, it is not necessary to 
possess electroconductivity of extent where electroplating is 
possible, always to form the electrode layer 52. 

However, as substrate, when metal* semiconductor is used, 
because entire surface isexposed to electrodeposition liquid, 
because electrodeposition layer is formed in addition to the 
mold formation aspect, it is desirable to want to form 
electrodeposition layer ononly desired aspect, insulator to use. 



As electrode layer 52, because it is exposed to plating liquid, 
it is selected from material which does not corrode in plating 
liquid which is used. 

It possesses insulating property, as mask layer 53 being 
necessary , itmaintains insulating between electrode layer 52 
and plating liquid at time of the electroplating. 

If mask layer 53 should have been material which possesses 
insulating property, ineach case of inorganic insulator* 
organic insulator can use. 

[0043] 

In order to form mold on plating forming substrate 5 1 , it is 
desirable to use the substrate where roughness and surface 
roughness are small. 

In addition, because there are times when substrate curves 
with the internal stress and thermal stress of plated layer, 
satisfactory of planarity, uses the metal sheet* glass 
substrate* silicon wafer or other where Young&apos;s 
modulus is large as substrate, is desirable. 



When electrode layer 52 and mask layer 53 are formed thickly 
on substrate 51, thereare times when surface roughness 
increases with formation method . 

Because of this, vacuum vapor deposition method* spin 
coating method* dip method or other thin film formation 
method is used as formation method of electrode layer 52 and 
mask layer 53. 



Or, also it is good to use those which surface of metal* 
semiconductor to partially insulating are converted. 

[0042] 



[0043] 



[0044] 



[0045] [0045] 



Page 19 Paterra Instant MT Machine Translation 



JP2001042150A 



&\z. m 5(b)ic^-r«t5ic, -77.0m 53 icxu? 

M*MO«P 54 

Matt 54 &mCX*v*m£MtiLL* 

y<f\Z&)-?Xtm 53 lcMO«$54£flSfiR-f 
77.^)1 53 <kLT>7*hbi?7.h£ffll , >-i><kx<y 

[0046] 

*y*»*Jfl«E*9-* 71 «kLT^M-r^ 
73 H®te72ir<Dra1$^ 
ttttS 74 if T*3tt*3l[ U M □ 54 icjt-v 

Z<DZ<tT\ £f m 5(c)lZ*1-J:5l=m)P» 54 
\Z*y*m 55 *<»«**l€. ^ 

c©R»/y**lcMP«ffitt-c©*y*$S 73 
0^^BflPSP54l^^jSfi-r-5|i§ll3, MPSC 

[0047] 

*rv4r* 73 <D3lEiS*<iB#ftl^J:9l=-r**ai: 
LTI4, *V**lZ*y*®2mWLtj:lsl3&tf 



[0048] 

^*»a>a**±ifr««>'y+tfT«:5*i= 
±c%®fot>iz&imm<s.t>zti)<&Zo 



2001-2-16 

As next, shown in Figure 5 (b ), slit opening part 54 is formed 
in mask layer 53. 

plated layer is formed via opening part 54, plated layer grows 
even on mask layer 53. 

Formation of optical waveguide of small diameter is possible 
by making opening part width small. 

At time of opening part formation, fine opening is formed 
forms opening part 54 in mask layer 53 with possible 
semiconductor photolithography and etching . 

As mask layer 53, when photoresist is used, because step of 
etching can be abbreviated, it is desirable. 

[0046] 

plating, as shown in Figure 7, dampen ("J", being able to 
connectbetween anode boards 72 with external power supply 
74 in plating liquid 73 which includes the metal ion with 
plating forming substrate which formed opening part as work 
71 lets flow the current, forms plated layer in opening part 54. 

Now, as shown first in Figure 5 (c ), plated layer 55 is formed 
to opening part 54. 

In this case, flow of plating liquid 73 with opening part 
vicinity that tries does notoccur in plating. 

When plating growth doing in fine opening part 54, when 
there is flow of plating liquid with opening part vicinity, 
plating growth speed of downstream side increases in 
comparison with upstream side of flow, plated layer grows in 
asymmetry vis-a-vis slit opening part center. 

Therefore, because plated layer which becomes asymmetry 
cannot be usedfor mold , it makes this way. 

[0047] 

There is a method which does not agitate plating bath in 
plating as the method which flow of plating liquid 73 that 
tries does not occur. 

As other method, it can designate scattering of plating liquid 
as the substrate vicinity and and there is a method which 
provides mesh whichobstructs flow. 

Especially, method which is not agitated is simple. 

With this working example, method which fit framework is 
not done was used. 

[0048] 

When plating is done, increasing internal stress of plated 
layer, and the temperature of plating bath substrate curves 
with thermal stress which it occurs inorder to do 
electroplating is. 
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As for Young&apos;s modulus and yield stress of resin to be 
small there is adifference above four digits in comparison 
with metal and inorganic substance. 

From this, with mask layer which consists of resin of film 
thickness of conductor and plated layer and abbreviation same 
extent, as for mold it curves easily. 

In addition, because there is a problem which stress 
furthermore,with resin swelling is done with plating bath , 
when resin isused for mask layer, mask layer is made thin, in 
comparison with the thickness of group board which 
possesses electrically conductive substrate or electrode layer 
it isgood . 

[0049] 

As shown in Figure 5 (c ), metal ion in plating bath 73 plated 
layer 55 is formedby opening part 54 by electrochemical 
reaction , as furthermore by fact that plating is continued 
shown in Figure 5 (d ), plated layer spreads even on the mask 
layer 5 3 surfaces. 

[0050] 

When in plating liquid 73 which includes metal ion plating is 
done in the fine opening part 54, metal ion in plating liquid 
concentrates on plated layer, precipitationof plating advances 
to isotropic as growth direction, half cylinder structure 56 is 
formed. 

Because dimension of opening part 54 it is small in 
comparison with the anode board, in addition metal ion is 
dissolving evenly in plating liquid 73,plating growth becomes 
isotropic. 

[0051] 

Here, as optical waveguide which is produced width from 
several ;mu m in range of several 10 ;mu m, because of this, 
as for opening width of slit (opening part 54 ) it is necessary 
to make small in comparison with the desired optical 
waveguide width . 

With electroplating, controlling plating time* plating 
temperature, it controls thickness of the plated layer it is 
possible easily . 

[0052] 

With single metal, with alloy such as Nu Au* PU G\ 
Qu Ag v Zn, there is a Cu-Zn* Sn-Co* Ni-Fe* Zn-Ni 
etc, themain thing, as plated metal, but if it is a material where 
other electroplating is possible, it is possible to use. 

Especially, as for Nu Cr x Cu in point which can make 
gloss plating easy, it is desirable as plating material charge. 
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[0053] 

In addition, by fact that Al 2 0 3 . Ti0 2 , PTFE or other 
dispersed particle is added to plating bath in the 
electroplating, it can utilize also dispersed plating, in 
formation of the portion cylinder structure. 

It improves it becomes possible mechanical strengths 
corrosion resistance of mold depending upon dispersed 
particle . 

[0054] 

This way mold for optical waveguide is formed on group 
board whichpossesses portion cylinder plated layer which was 
formed. 

On group board which possesses portion cylinder plated layer 
as method which forms mold, having with liquid which it 
melts or melts material which becomes mold, coating fabric it 
does and it can use the method which it hardens. 

This time, each material where release property of mold 
material charge and plated layer isgood is chosen. 

It can form mold for optical waveguide by fact that it peels 
off. 

[0055] 

electroplating liquid is changed as other method which forms 
mold for the optical waveguide, other plating material charge 
is precipitated on portion cylinder structure 56 of Figure 5 
(d ), until film which is continued on substrate is formed there 
isa method which does plating, forms mold. 

Exfoliation of this method chooses mold material charge and 
material where the release property is good to plated layer and 
peels off. 

Or, etching it removes substrate* mask layer > plated layer 
or other which with respective etchant , itdoes by leaving 
mold for optical waveguide. 

In this case, mold material charge which has etching 
resistance in theaforementioned etchant is chosen. 

[0056] 

There is a method which introduces sacrifice layer into other 
things, as method which exfoliates. 

mold for optical waveguide is formed with electroplating . 

With this method, as shown in Figure 5 (e ), sacrifice layer 57 
is formed on substrate. 

Next, electrode layer 58 for mold of electroplating is formed. 

With electrode layer 58 for this mold as cathode, 
electroplating is done in the plating liquid which includes 
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metal ion mold 61 is formed (Figure 6 (a ))). 

After this, by fact that etching it removes sacrifice layer 57, 
the group board 51 which possesses mold 61 and plated layer 
56 which possess electrode layer 58 for mold can exfoliate 
(Figure 6 (b )). 

Next, mold can form by fact that etching it removes the 
electrode layer 58 for mold (Figure 6 (c )). 

[0057] 

With production flow of Figure 6 electrode layer 58 for mold 
wasremoved from Figure 5, it is not necessary, but with step 
whichforms optical waveguide with molding , optical 
waveguide aspect is polluted with the electrode layer 58 for 
mold, if or or other problem to which yield stress of electrode 
layer for mold is easy to be attached scar small does not 
occur, toremove electrode layer 58 for mold. 

[0058] 

From Figure 5 with production flow of Figure 6, sacrifice 
layer 57was formed on plated layer 56 and mask layer 53, 
with step of sacrifice layer removal where, but it does not 
form sacrifice layer 57, utilizes the electrode layer 58 reaches 
to (b ) from Figure 6 (a ) as sacrifice layer, etching removing 
electrode layer 58, it forms mold 61 of Figure 6 (c ) it is 
possible. 

[0059] 

mold for optical waveguide of this working example is 
produced becomespossible above depending upon preparation 
method which is explained. 

[0060] 

Next, you explain concerning preparation method of optical 
waveguide. 

Here, you explain concerning optical waveguide which 
consists of resin. TRANSLATION STALLED 

As shown in Figure 6 (d ), on mold 6 1 for optical waveguide 
which is acquiredwith step which is mentioned earlier, 
coating fabric to do the resin 62, to place supporting substrate 
63 next from on resin 62, after resin obtaining uniform plane, 
adjusting to curing condition of resin which is usedit hardens. 

thermal curing resin, ultraviolet light curing resin and electron 
beam curing resin are hardened withrespective heating and 
ultraviolet light illumination^ electron beam illumination etc. 

Case of ultraviolet light illumination light is irradiated from 
back side of optical waveguide. 

Because of this, when supporting substrate 63 is used, 
supporting substrate which light transmission isdone is used. 
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[0061] 

When hardening, gas bubble that tries is not formed. 

When coating fabric it does resin, outgassing should have 
beendone. 

After hardening, resin 62 is exfoliated from mold 61 and 
optical waveguide is formed. 

resin of portion cylinder which it hardens becomes optical 
waveguide core, but it ispossible to use supporting substrate 
itself as cladding and, in addition, the film formation 
designating cladding layer of sufficient layer thickness 
beforehand as supporting substrate, itis possible to form core 
with resin molding . 

In this case, cladding layer low index of refraction material is 
selected from the core. 

Peeling off from optical waveguide, it is possible to use 
supporting substrate. 

[0062] 

light transmission possible material is used with light 
wavelength domain which light emitting or the photodetector 
which uses optical waveguide as resin which becomes optical 
waveguide,utilizes. 

When optical waveguide is produced with above-mentioned 
method, therestriction for material of optical waveguide > 
supporting substrate in comparison with conventional 
technique,can be made less. 

If glass which is melted in place of resin is used, optical 
waveguide of glass can be produced. 

[0063] 

According to preparation method of optical waveguide of 
[second Working Example ] this invention, optical waveguide 
whichpossesses pattern of option is formed can make easy. 

If plating opening part of slit which produces mold for for 
example optical waveguide isformed with pattern which 
bends, as shown in Figure 8, optical waveguide 81 
of 'L"-shape which can bend propagation direction of wave 
conduction light is produced. 

With favor of isotropic plating growth, bent part 82 of optical 
waveguide portion spherical surface body orforms shape 
which is close to that, becomes curved surface corner of the 
total reflection. 

Because of that, wave conduction light without losing with 
scattering andtransmission bends and propagates. 

[0064] 

In same way, forming slit of Y-shape, according to the plating 
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mold which it produces, light splitting/confluence waveguide 
91 of kind of Y-shape which it showsin Figure 9 is formed. 

Similarity to example of Figure 8, as for bending part with the 
smooth , as for scattering loss of wave conduction light quite 
it becomes small with the branch . 

[0065] 

Figure 10 is schematic diagram of mold of optical combiner 
of multi input. 

As for domain 104 where pattern 101 of opening part of mask 
whichprecipitates plating, optical waveguide section 102,103 
before confluence andafter confluence is thin, becomes slub 
optical waveguide by fact that it makes wide, formation of 
optical waveguide mold which possesses 2 dimensional shape 
of option isdone. 

[0066] 

Figure 1 1 is example which it crosses crosses optical 
waveguide 111. 

Like this example, when it crosses arranges optical 
waveguide, wave conduction lightspreading with intersecting 
part 1 12 (Also this portion becomes satisfactory smooth 
curved surface form. ), because total reflection condition is 
not filled up to the optical waveguide of direction which 
crosses, without connecting for mostpart, it is discharged. 

Therefore, somewhat insertion loss is recognized with 
intersecting part 1 12, but,propagation of light is done in 
straight advancing directionregardless of presence or absence 
of intersection. 

Orthogonality of such propagated signal with metallization of 
electricity is impossible thing. 

[0067] 

Like above according to this invention, you draw pattern of 
option as optical waveguide being possible , furthermore, 
embossing doing optical waveguide charge, because 
formation is possible, it is utilized to variousapplications for 
communication and for yne tach comb &Aj which 
usedlight, for measurement and as recording or other optical 
waveguide. 

[0068] 

Using preparation step figure of Figure 5* Figure 6 again 
concerning optical waveguide whichis used with [third 
Working Example ] this working example, you explain. 

[0069] 

thermal oxidation it does making use of oxidizing gas, it uses 
as substrate 5 1 whichshows Siwafer of 6 inch;ph where Sithin 
film of l;mu m thick was formedto both surfaces, in Figure 5. 
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In this wafer, 10 nm> 200 nm continuing Cr and Au 
respectively with electron beam vapor deposition method 
which is a one of thin film forming method, film formation it 
does and forms electrode layer 52. 

[0070] 

Next, wholly aromatic polyamide acid solution spin coating is 
done, thermal processing is done and mask layer 53 which 
consists of polyimide film is formed. 

Coating fabric * exposing and developing photoresist with 
photolithography , itprovides opening part, etching it removes 
mask layer 53 of opening part of the photoresist with reactive 
ion etching which uses oxygen. 

In this way, exposing electrode layer 52, it forms opening part 
54. 

[007 1] 

After this, photoresist it peels off. 

opening part 54 has done slit, width is approximately 2;mu m. 

As shown in Figure 7, Ni plating is done with bath 
temperature 50 deg C\ cathode current density 5 A/dm 2 
consists of nickel sulfate and nickel chloride and boric acid 
and brightener with electrode layer 52 as cathode, making use 
of Ni plating bath 73 which as work 71 using this wafer. 

Ni plating, first, from opening part 54 it precipitates and 
grows, plated layer spreads even on mask layer 53. 

This way, plated layer 56 of half cylinder structure which is 
shown in Figure 5 (d ) wasformed. 

In this case, until width of portion cylinder becomes 10;mu m, 
the plating was precipitated. 

In this case, if those of size of several centimeter square are 
used as anode board 72, this is satisfactory large numerical 
value in order to actualize the isotropic plating vis-a-vis width 
of approximately 2;mu m of the opening part 54. 

[0072] 

Next, PSG (phospho-silicate glass ) 1 ;mu m film formation is 
done with 350 deg C with ambient pressure CVD (Chemical 
Vapor deposition )method, sacrifice layer 57 is formed 
(Figure 5 (e )). 

Consequently, continuing Ti and Au respectively with 10 
nm> 200 nm thick with electron beam vapor deposition 
method , film formation doing, it forms electrode layer 58 for 
the mold, forms mold for mold of Figure 5 (e ). 

[0073] 

As work using this mold, with aforementioned Ni plating bath 
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Ni plating is done with bath temperature 50 deg C. cathode 
current density 5A/dm 2 with electrode layer for mold as 
cathode, the mold 61 is formed (Figure 6 (a )). 

Next, soaking substrate of Figure 6 (a ) in mixed aqueous 
solution of hydrofluoric acid and ammonium fluoride, 
sacrifice layer 57 etching it removed PSG which is, the 
substrate 5 1 and mold 61 it peels off was possible (Figure 6 
(b)). 

This time, also Ti of electrode layer 58 for mold is 
removedsimultaneously. 

After this, Au of electrode layer 58 for mold etching is 
removedwith mixed aqueous solution of iodine and potassium 
iodide, mold for optical waveguide isformed (Figure 6 (c )). 

[0074] 

Again as for substrate after exfoliating with constitution 
whichpossesses half cylinder structure 56 which is shown in 
Figure 5 (d ), mold for the optical waveguide is produced 
becomes possible Figure 5 (e ), by doing the step of Figure 6. 

[0075] 

In preparation method of mold for optical waveguide of this 
working example, because the mold can be formed with 
electroplating , plural form forming is possible the mold of 
same shape. 

With conventional mold formation method, as for master with 
this working example, it forms mold itself with mold 
(master ) vis-a-vis being a one layer , plural form it 
formsmaking use of sacrifice layer process, it is possible . 

Because of this, it can achieve more cost reduction. 

[0076] 

As next, shown in Figure 6 (d ), resin 62 which consists of 
photopolymer which ultraviolet light curing is done is dripped 
to mold 61, glass substrate whichbecomes supporting 
substrate 63 is placed on that, ultraviolet light is irradiated 
next and resin 62 is hardened. 

photopolymer 62 because it is a high index of refraction from 
glass substrate 63, functions as the optical waveguide core. 

In addition, metal film in order to mount luminescent 
element* photodetector and IC chip whichare expressed at 
below part film formation is done in glass substrate 63 . 

In addition, here glass substrate was used, if, but with 
transparent , it is a sufficient material of intensity in same 
way, you can use as substrate which isused for this working 
example. 

[0077] 
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Next, you explain as description above concerning production 
of luminescent element and photodetector which are 
combined with optical waveguide. 

Here, pinphotodiode was used with surface light emission 
laser of 0.8;mu m band, as photodetector as luminescent 
element. 

[0078] 

In Figure 12, surface light emission laser chip 1201 has next 
kind of structure. 

In order on GaAs substrate 1202, 1 wavelength resonator 
which consists of AlGaAs/GaAs quantum well active layer 
1203 and AlGaAs spacer layer, to put between with DBR 
(Amount fabric Bragg reflection) mirror 1204 x 1205 which 
consists of the quarter wavelength thick multilayer film (20 - 
30 group extent ) of Al As/AlGaAs, it has become structure 
which the epitaxial growth is done with MOVPE 
(organometal vapor phase deposition ) method etc. 

In order to do current occlusion in light emitting domain, in 
annular etching doing to active layer 1203, it forms current 
constricting structure. 

And, imbedding recess with polyimide, planarization to do, 
forming the SiN x or other insulating film, after open window 
doing, it forms electrode. 

[0079] 

As for laser chip size with this working example, light 
emitting domain of surface light emission laser being 10;mu 
m;ph, as for chip of entirety it made 2 mm square, but you 
candesign size of course freely. 

However, with this working example, because epitaxial 
growth it has done AlGaAs/GaAs active layer 1203 of band 
gap wavelength 0.83 ;mu m on GaAs substrate, GaAs 
substrate 1202 becomes absorber. 

Then, until DBR mirror 1204 exposes GaAs substrate 1202, 
removing with etching , itforms window domain 1206, it has 
made structure which can remove light from substrate 1202 
side. 

[0080] 

electrode pad 1208 which corresponds to surface light 
emission laser 1201 is formed in Sisubstrate 1207 
whichmounts laser chip, accumulates also laser drive 
transistor 1209. 

metallization 1208 on Sisubstrate 1207 is formed by plating 
etc of Cu/Ni/Au, by the solder and antidrape stiffness plating 
etc is formed in electrode pad part . 

alignment doing electrode on laser chip 1201, and electrode 
pad 1208 on Sisubstrate 1207 electrical connecting between 
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both is acquired by fact that itheats, simply. 
[0081] 

As for this electrical connecting other than means which uses 
the solder, there is also a method which applying pressure 
bonding or ultrasound,connects Au electrode. 

In addition, coating fabric doing anisotropically conductive 
adhesive where conductive particle enters,and it is possible to 
pressurize heat. 

In this case, forming Au metallization with plating, if it makes 
thickness of 10;mu m or greater, you pull out anisotropy of 
adhesive, while it beingpossible , taking insulating of 
metallization which yield wellis adjacent, it can connect 
electrode. 

[0082] 

On one hand, as in called side substrate 1210 shown in Figure 
12, pin-type photodiode 1211 is formed. 

structure of photodiode 1211 in Figure 12 outline has reached 
pointwhere it shows. 

namely, p" (;pi) ndomain 1212 which becomes light receiving 
section in -Sisubstrate 1210 is formedwith scattering , Si0 2 or 
other insulating film 1213 is formed, electrode 1214 and its 
metallization of the ring are formed. 

electrode contact of ndomain 1212, forming through hole in 
insulating film 1213, should haveimbedded electrode 1214. 

On one hand, p-side forms p + layer in substrate back surface, 
forms electrode in entire surface. 

transistor 1215 for signal amplifying is accumulated to same 
substrate . 

[0083] 

Like above transmitting side substrate 1207 and called side 
substrate 1210 which are produced, with this working 
example, were mounted on metal film on glass substrate 63 
where optical waveguide 62 was formed. 

[0084] 

Figure 13 and Figure 14 are optical yne tach ^ comb <£ As 
equipment 1301 whichincludes optical waveguide and 
luminescent elements photodetector which are produced 
with this working example . 

Adjusting to arrangement of LSIchip 1302, surface light 
emission laser 1303 in order to do I (input ) /O (output ) of 
LSI 1302 with light and respective substrate which formed 
photodiode 1304 are mounted in optical yne tach ^ comb £ 
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T-*tE&£, *Sfi*tL-C, MMIcSiSlz 

[0086] 

[» 4 njg^j] *MM!ajft%ft?ii, 0.984 

0 15 iCfctN-C, iS*3tL/— 1501 liftO>flt£ 

GaAs StS 1502 ±|Z, InGaAs/GaAs frb£-5>5l 
* 2 m*T #P/*SttBi: AlGaAs X*— 
bfc-5 1 , AlAs/AlGaAs <D 1/4 

fiI©^IIfrblS4 DBR 57-T?»t?*ift 



n%m® 1503 i=*3tt»*sffft?fc«). r« 

Z0>[g, I<v^>^fLTStlfc DBR 57- <7>WJ 
M(D AlAs H©*SlRiHbLT\ *«=>K*35» 



**lfiffl"ei4»*SaftA< 0.98 jt/m <t©T* 
GaAs Sffi 1502 $Sii^-&i)C<!:A<T*^i)o 

CZT-li, ffi**U— «f 1501 ^bfl)3tA<]Rdi-e 
***5l=*ffi 1504<D-»|CJB*ftltTl^. 



*fc. B-»S 1502 ±lCl*«>as/Mr-/<'J7 
S! FET(TH*)tl(iaftLTfcy.ii**U- 
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A/ equipment 1301 . 

In order and, to correspond to entrance emitting position of 
surface light emission laser 1303 and the photodiode 1304, 
optical waveguide 1305 stretches in optical yne tach 
comb & Aj equipment 1301 back surface andis reflected 
upon. 

[0085] 

In order up-down positional relationship to understand to 
make easy, sectional view of outline has been shown in 
Figure 14 . 

emitted light from surface light emission laser 1303, with 
optical waveguide 1305 with pathway 1401 has 
displayedcircumstances which transmission are done in 
photodiode 1304. 

By fact that LSIchip 1302 like Figure 13 is mounted in optical 
yne tach ^ comb &Aj equipment 1301, data transfer 
between chip, in parataxis itdoes in high speed, with light as 
signal, is possible . 

[0086] 

luminescent element of [4 th Working Example ] this working 
example used surface light emission laser of 0.98;mu m band. 

In Figure 15, surface light emission laser 1501 has following 
structure. 

On GaAs substrate 1502, 1 wavelength resonator which 
consists of distortion double quantum well active layer and 
AlGaAs spacer layerwhich consist of InGaAs/GaAs, structure 
which is put between with the DBR mirror which consists of 
quarter wavelength thick multilayer film of AI As/AlGaAs 
islaminated. 

In order to do current occlusion in light emitting domain 
1503, to active layer vicinity etching afterdoing, imbedding 
recess to annular with polyimide, planarization ithas done. 

In this case, etching doing, only Al As layer of side surface of 
the DBR mirror which appears doing selective oxidation, 
furthermore to current occlusion it ispossible to convert, 
(Even with third Working Example it is possible to make 
similar. ). 

Because with this working example, excitation wavelength is 
0.98;mu m, GaAs substrate 1502 can betransmitted. 

Here, in order to be able to discharge light from surface light 
emission laser 1501, the window is opened to portion of 
electrode 1504. 

In addition, shot key barrier type FET (not shown in the 
diagram ) integration it is done to on the same substrate 1502, 
it functions as drive transistor of surface light emission laser. 
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[0087] 

v3^h+-/\UTS*h^W^-K 1505 

tZo 

¥m»mfa±\zm \5 (D^mmmm isoez 
miz>tz\ix\ ess. mm^tamm^ 

ti> Ztl\t MSM(Metal-Semiconductor-Metal)/fr 

^HJS^JTM*. ^j&jttt© GaAs Sfc 1507 fC 
T^K-^CDGaAs/^rJl 1508 £ 1.5 U m H 
!CXt°^^vv;U/5JcfiL.$6iStll 1509 tLX 
SWx£j$.mLTfr*mi&®$:MJ$.LX. (H 15(7) 
<«fc85ff*m*3i 1506 £ftigLTl^ 0 

MSM TtxhS^-K 1505 l±, m 3 H^Jt 
I^IZ, #7fe*^SS 1511 (D^a^iS^JS^ 

[0088] 

U±(D±?{ZftmLtz%ftm*.%ftm*Z Si 

^x/N±icm 3 mmmtftm<D^ : &\zMm%i 

Ltz* 
[0089] 



zzr\ ^^iiicii, Ni tv^mzm^xi^o 

tZo 

H5(e)0)«ttJiS»fiEli-r.Tii:AuA^& 
&5*Sfflm«B*. Eft. 

sot 5(d))±izff^ia-r^o 



C©&, 4Sffl*aJl*HEatLT, v7>ib 

i;*2R#J4^ft**y^*»*ffll^T. 40 
deg C. HEffiaSSffiJt lA/dm 2 -C Au>!y*Sff& 
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[0087] 

Like structure which is shown in Figure 15, shot key barrier 
type photodiode 1505 wasused as photodetector. 

Just provides comb shape electrode 1506 like Figure 15 on 
semiconductor substrate, high sensitivity % high speed 
photodetector to beacquired, this is called MS M 
(metal-Semiconductor-metal ) photodiode. 

With this working example, in GaAs substrate 1 507 of 
semiinsulating epitaxial growth to do GaAs buffer layer 1508 
of undoped in 1 .5;mu m thick, after film formation doing SiN 
x, as the insulating film 1509 forming window domain, it 
produces comb shape electrode 1506 like Figure 15. 

This MS Mphotodiode 1505 in same way as third Working 
Example, is produced in position which corresponds to light 
output edge of each optical waveguide 1511. 

[0088] 

Like above luminescent elements photodetector which is 
produced was mounted with technique which is similar to 
third Working Example on Siwafer. 

[0089] 

Continuing, you explain preparation method of optical 
waveguide. 

As substrate for plating, quartz glass substrate of 6 
inches-square was used. 

Here, Ni plating bath is used to plated layer . 

dimension of substrate and opening part made similar to third 
Working Example. 

Next, sacrifice layer of Figure 5 (e ) is not formed, electrode 
layer for the mold which consists of Ti and Au, directly, is 
formedon group board (Figure 5 (d )) which possesses plated 
layer. 

Au plating is done with bath temperature 40 deg C x cathode 
current density 1 A/dm 2 after this, with electrode layer for the 
mold as cathode, making use of gold plating bath which 
consists of the potassium aurocyanide and phosphoric 
acid-hydrogen potassium and chelator and brightener, mold 
whichconsists of Au is formed. 

mold of Au could be formed on group board whichpossesses 
plated layer this way. 

[0090] 

Next, you explain concerning stripping step of mold. 

First, it removes substrate with mixed aqueous solution of 
hydrofluoric acid and ammonium fluoride,after removing 
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^ 3 'J > y 1= J: ij » * L fc * 1= , 
TMAH(Tetramethyl ammoniumhydroxide) 7K 

ft&IC, 80 deg C ICftl!»Lfcttll*}**l~*a! 

>y*su n 6(c)i=*-rts«<D4ss»ja 

[0091] 

ffi3g*U— If 1501 fccfctf MSM t+¥4 
K 1505 **«Lfc Si -t?x/\±^ £5?§& 

i5io£ff*j?rr3= 

«L*T, ^vKJI 1510 £BJI&«±3HIK7K 
'J75KB*»?fc£-tE*S±l::iMjU *5?K 
1 i5io±t?E». IMUbLfcSL *ffi*#J»1" 

*cfcr**»»37 1511 *»rt-r*ci36«Tf 



=J7tft*7K l J-f5Kli^--/KJl 1510 J:iJKB 
[0092] 



[0093] 

[* 5 USSW^B^i-^m 5 asitflii. 

S01(Silicon on Insulator)Sffi$5fe3|;^SSSffi. 



[0094] 

H 16 X\ Si StS 1601 ±\Z SiO 2 1602 tS&lfT 
>K-3f Si Jf(0.3tf m gj£)1603 
SOI 8}£fC. % 4 gffifltefttitlC. MSM *K5f 
4*- K 1604 A<ff2fi)t£*lT^.i> 0 

#Jifl>fc*>lC p ttfKM 1605 *><f£lt 
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electrode layer with ion milling which uses Ar, it soaksin 
TMAH (Te tramethyl ammonium hydroxide ) aqueous 
solution, removes mask layer of polyimide film. 

This way, substrate and electrode layer and mask layer are 
removed, mold where half cylinder structure was imbedded is 
formed. 

When lastly, it soaks mold in sulfuric acid water solution 
which is heatedto 80 deg C, etching removes half cylinder 
structure of Ni plating, shows in the Figure 6 (c ) similar mold 
could be formed. 

[0091] 

Next, wholly aromatic polyamide acid solution is dripped to 
on Siwafer which mounts surface light emission laser 1501 
and MS Mphotodiode 1505, by spin coating passes and 
cladding layer 1510 whichconsists of polyimide by fact that 
thermal curing it does is formed. 

Consequently, cladding layer 1510 coating fabric it did 
wholly aromatic polyamide acidsolution which differs on 
above-mentioned mold, on cladding layer 1510 the pressure 
bonding* thermal curing after doing, mold optical 
waveguide core 1511 it is formed it was possible by fact that 
it peels off. 

polyimide which becomes core is material of high index of 
refraction from the cladding layer 1510. 

[0092] 

With this working example , optical yne tach ^ comb 
equipment where yield is good with compact which 
luminescent element* photodetector* electronic circuit* 
optical waveguide unifies can be actualized. 

[0093] 

Working Example of 5 th has used SOI (silicon-on-insulator ) 
substrate with [5 th Working Example ] this invention as 
mounting substrate of optical waveguide substrate* and 
optical element* electronic element. 

light output of surface light emission laser, similarity to 
Working Example of 3 rd and 4th,propagating optical 
waveguide, light is detected is something which with the 
photodiode. 

[0094] 

With Figure 16, SiO 2 1602 and undoped Si layer (0.3 ;mu m 
extent ) in SOIsubstrate where 1 603 wasformed, in same way 
as 4 th Working Example, MS Mphotodiode 1604 is formed 
on Sisubstrate 1601. 

In addition, pdiffusion layer 1605 is provided because of 
element separation, integration does bipolar transistor 1606 as 
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tf-^h^vX* 1606 £»*HbLTl^ 0 

tth?>i/X5r 1606 T'l*, Sill603 CnftHRJI 
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[0095] 

*HiS#jr*l*. KXm+tLZ. GaAsg«i±lC 
/ \*> K4fr?7&ft 0.77 u m © AlGaAs/GaAs JS 
te«£ie**5/-WUJ**L-Cf*8[LfciIiJ6# 
f 1613 SOI Sffi 1601-1603 

*ffi»©fcft, t& 1614 lc£«ig 1615 *»BR 

SOlStSSBA^b^^iMS^^ofctf), Si 
SIS 1601 ©-g&£ SiO 2 1602 ^T'X^^l/^L 
T&fclt(1616. 1617)LT^-5 0 



[0096] 

SOI SffiSSIZli, 1618 fc<ti;37 

1619 frb&S3fc«;m#ff*J&£;h,-Cl^„ 

*Hi£0l]© SOI 1601-1603 ±lCtt* US 



[0097] 

feftiMii/— kh~tii»£-c#£. 
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driver for surface light emission laser drive. 

With said transistor 1606, forming ndiftusion layer 1607 in Si 
layer 1603, collector electrode 1608 is formed,p-type 
diffusion layer 1609 is formed and base electrode 1610 is 
formed, furthermore n-type diffusion layer 1611 isformed and 
emitter electrode 1612 is formed. 

[0095] 

With this working example, epitaxial growth doing 
AlGaAs/GaAs active layer of band gap wavelength 0.77 ;mu 
m on the GaAs substrate as luminescent element, it has 
mounted to SOIsubstrate 1601-1603 making use of the 
surface light emission laser chip 1613 which it produces. 

Because of light emission, window domain 1615 is formed in 
electrode 1614. 

In addition, in order to do transmission and reception of light 
from SOIsubstrate back surface, the etching doing portion of 
Sisubstrate 1601 to SiO 2 1602, window doing toopen, (1616 
and 1 617) it is. 

[0096] 

optical waveguide which consists of cladding 1618 and core 
1 6 1 9 is formed in the SOIsubstrate back surface . 

When directly integrated circuit was formed on SOIsubstrate 
1601-1603 of this working example, it meansthat light is used 
in portion of metallization inside chip. 

Especially, between transistor where metallization distance is 
long decrease of the transmission velocity and increase of 
electricity consumption feel concern attendant upon 
narrowing of metallization, optical yne tach comb <J:A/ 
quite becomes effective. 

It is possible to use not just, similarity to first Working 
Example, as theoptical yne tar connection between chip or 
between board inside chip. 

[0097] 

To now with Working Example, optical waveguide was 
formed to substrate of fixing,but of course, it can form even to 
flexible group board or on sheet. 

Figure 17 has shown example. 

[0098] 

It is an example which produces optical waveguide 1702 on 
flexible sheet 1701, does yne tach comb &Aj between 
board 1703, 1704, 1705. 

MCM inside board 1703 (multichip module ), through optical 
waveguide 1 708 in same way, theoptical yne tach comb 
&Aj is done even between 170 6 and 1 707. 
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[0099] 

GaAs 8 ft ± <D InGaAs/GaAs Ik K> 
AIGaAs/GaAs ?k(»W&*Ltzft * t*>*>A/ffe<D 
tt*4w£:S,-ffc:b*>»fefl*<7> GaN 
GaAs Sffi±<DS;^fitf*4T'fc^ GalnNAs. 
GaAsSb ^<tf-Ctlfl^roci:A<||=lT*^^o 



1.3 (/m, 1.55A/ m «fcl^ofcfi;£ft^£(£ffl1--5> 
ii^li. Si tfMWkt6.Z>tz&>. InGaAs 

[0100] 



t*>*A/, K LED^?^*- K) 



[0101] 

[3g^(7)#)^] 



[0102] 



[01] 



2001-2-16 

[0099] 

In addition, to now with Working Example, InGaAs/GaAs 
system on GaAs substrate andexample of AIGaAs/GaAs 
system were shown as luminescent element, but it can 
actualizesimilar saw even such as GalnN As, GaAs Sb 
which of course is an other material, wavelength, namely a 
long wavelength material on GaN type, GaAs substrate of 
blue light emitting. 

1.3 When long wavelength band such as the;mu m, 1 .55 ;mu 
m is used,because Si becomes transparent, photodetector 
which consists of the material such as InGaAs or Ge is ideal. 

[0100] 

In addition, with Working Example which is listed here, 
surface light emission laser was usedas luminescent element, 
but constitution is possible even with endface light-emitting 
type laser. 

Of course, light emitting diode LED (light emitting diode ), 
because it is a similar surface light emission type to the 
surface light emission laser, is preferred luminescent element 
in this invention. 

[0101] 

[Effects of the Invention] 

As above explained, to possess shape where with preparation 
method, of the optical waveguide, of this invention and 
optical yne tach ^ comb &/u equipment which usesthis, in 
order to use optical waveguide of portion cylinder, 
propagation loss is low,at same time, in order terminal part of 
optical waveguide portion spherical surface form or isclose to 
that, it can actualize optical waveguide where optical coupling 
efficiency of luminescent element, photodetector is high. 

[0102] 

In addition, in order to produce above-mentioned optical 
waveguide making useof type which is produced according to 
this invention, with plating method ,production being easy, 
formation of size of option beingpossible on substrate of 
option, optical waveguide which is superior in the mass 
productivity can be produced. 

Furthermore, on basis of optical waveguide, luminescent 
element, photodetector and by fact thatunion it does, being 
simple with this invention , it can actualize theoptical yne tach 
comb &Aj equipment of high speed broadband. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a figure which explains shape of optical waveguide with 
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[02] 



[03] 



[04] 
[05] 

irsxfi0-efe^ o 

[06] 

wsxsia-efe4o 

[07] 



[08] 
[09] 
[010] 

[011] 

**MI^«fcyff«Lfc3t3iaHKDJ6ffl»»* 
[012] 



[013] 



this invention . 
[Figure 2] 

It is a sectional view which shows concept of optical yne tach 

comb &A/ equipment which uses optical waveguide of 
this invention. 

[Figure 3] 

It is a sectional view which shows concept of optical yne tach 
^ comb &Aj equipment which uses optical waveguide of 
this invention. 

[Figure 4] 

It is a figure which explains portion cylinder structure with 
plating in order toform optical waveguide of this invention. 

[Figure 5] 

It is a cross section process diagram which explains 
preparation method of optical waveguide with this invention . 

[Figure 6] 

It is a cross section process diagram which explains 
preparation method of optical waveguide with this invention . 

[Figure 7] 

It is a figure in order to explain plating tank which with this 
invention isused with preparation method of optical 
waveguide. 

[Figure 8] 

It is a figure which shows applied shape of optical waveguide 
which isproduced with this invention . 

[Figure 9] 

It is a figure which shows applied shape of optical waveguide 
which isproduced with this invention . 

[Figure 10] 

It is a figure which shows applied shape of optical waveguide 
which isproduced with this invention . 

[Figure 11] 

It is a figure which shows applied shape of optical waveguide 
which isproduced with this invention . 

[Figure 12] 

luminescent element and photodetector unifying optical 
waveguide of this invention, partially cutaway which shows 
Working Example of optical yne tach ^ comb 
equipment which itproduces it is a sectional view which is 
done. 

[Figure 13] 
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It is a conceptual diagram which does metallization between 
LSIchip making use of theoptical yne tach ^ comb &Aj 
equipment, with this invention . 

[Figure 14] 

It is a conceptual diagram which does metallization between 
LSIchip making use of theoptical yne tach ^ comb &Aj 
equipment, with this invention . 

[Figure 15] 

luminescent element and photodetector unifying optical 
waveguide of this invention, partially cutaway which shows 
other Working Example of optical yne tach comb «fc Aj 
equipment which it produces it is a sectional view which is 
done. 

[Figure 16] 

luminescent element and photodetector unifying optical 
waveguide of this invention, partially cutaway which shows 
other Working Example of optical yne tach ^> comb &Aj 
equipment which it produces it is a sectional view which is 
done. 

[Figure 17] 

It is a figure which shows optical yne tach comb &.Aj 
equipment inside board which is formed making use of 
optical waveguide of this invention andbetween board. 

[Explanation of Symbols in Drawings] 

101 

opening part for plating 
102 

plating structure which becomes original type of confluence 
per minute ft optical waveguide 

103 

plating structure which becomes original type of confluence 
per minute ft optical waveguide 

104 

plating structure which becomes original type of confluence 
per minute ft optical waveguide 

11 

optical waveguide (core ) 
111 

optical waveguide (core ) 
112 

optical waveguide intersecting part 



Page 36 Paterra Instant MT Machine Translation 



JP2001042150A 



2001-2-16 



12 

1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 

b-lfWttJBh^/S?** 
1210 

1211 

1212 

1213 

1214 

1215 

13 

1301 



12 

Optical input-output waveguide section 
1201 

surface light emission laser 
1202 

laser substrate 
1203 

active layer 
1204 

semiconductor multilayer film mirror 
1205 

semiconductor multilayer film mirror 
1206 

window domain for surface light emission laser 
1207 

luminescent element baseplate 
1208 

laser side electrode and metallization 
1209 

laser driving transistor 
1210 

photodetector baseplate 
1211 

photodiode 
1212 

scattering domain 
1213 

insulating film 
1214 

photodiode electrode 
1215 

amplifier for photodetector 
13 

optical waveguide cladding (substrate part ) 
1301 
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Optical yne tach ^ comb J;A/ equipment 


1302 


1302 


LSI =f-vZ? 


LSIchip 


1303 


1303 




luminescent element 


1304 


1304 




photodetector 


1305 


1305 




optical waveguide (core ) 


1401 


1401 




pathway 


1501 


1501 




surface light emission laser 


1502 


1502 




laser substrate 


1503 


1503 




light emitting domain 


1504 


1504 




laser electrode 


1505 


1505 




photodiode 


1506 


1506 




comb shape electrode 


1507 


1507 




photodetector baseplate 


1508 


1508 




buffer layer 


1509 


1509 




insulating film 




1 J 1 u 




optical waveguide cladding (substrate part ) 


1511 


1511 




optical waveguide core 


1601 


1601 


SOI 


SOI 
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1602 


1602 


SOI 


SOI 


1603 


1603 


SOI 


SOI 


1604 


1604 




photodiode 


1605 


1605 




scattering domain 


1606 


1606 




amplifier for photodetector 


1607 


1607 


&mm 


scattering domain 


1608 


1608 




transistor electrode 


1609 


1609 


tttkffi4t 


scattering domain 


1610 


1610 




transistor electrode 


1611 


1611 




scattering domain 


1612 


1612 




transistor electrode 


1613 


1613 




surface light emission laser 


1614 


1614 




laser electrode 


1615 


1615 




laser radiation window 


1616 


1616 




window for optical transmission and reception 


1617 


1617 




window for optical transmission and reception 


1618 


1618 




optical waveguide cladding (substrate part ) 



1619 1619 
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1701 

1702 

1703 

7fC-K 

1704 

tK— K 

1705 

tf-K 

1706 
1707 
1708 

3fe#SM&(=i7) 
21 

22 

23 

24 

25 

26 

27 

41 

42 



optical waveguide core 
1701 

flexible substrate 
1702 

optical waveguide (core ) 

1703 

board 

1704 

board 

1705 

board 

1706 

multichip module 
1707 

multichip module 
1708 

optical waveguide (core ) 
21 

optical waveguide (core ) 
22 

Optical input-output waveguide section 
23 

luminescent element 
24 

photodetector 
25 

substrate 
26 

optical waveguide cladding (substrate part ) 
27 

substrate 
41 

opening part for plating 
42 

portion cylinder plating structure 
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43 


43 




plating substrate 


44 


44 




mask layer 


51 


51 




plating substrate 


52 


52 




electrode for plating 


53 


53 




mask layer 


54 


54 




opening part for plating 


55 


55 




plated layer 


56 


56 




portion cylinder plating structure 


57 


57 




sacrifice layer 


58 


58 




electrode layer for mold 


61 


61 




mold 


62 


62 


«MB 


resin 


63 


63 




optical waveguide substrate 


71 


71 




work 


72 


72 




anode board 


73 


73 




plating liquid which includes metal 


74 


74 




external power supply 


81 


81 
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**a*(a7) 

82 
91 

Drawings 
[B1] 




pier® 



[■2] 



optical waveguide (core ) 
82 

optical waveguide bent part 
91 

optical waveguide (core ) 
[Figure 1] 



[Figure 2] 
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[Figure 3] 



[Figure 4] 
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[El 9] [Figure 9] 
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